We present VLT-ISAAC near infrared (NIR) spectro-photometric observations of 16 post-starburst galaxies aimed at constraining the debated influence of TP-AGB stars on the spectral energy distribution (SED) of galaxies with stellar ages between 0.5 and 2 Gyr, hence critical for high-redshift studies. Post-starburst galaxies are characterised by negligible on-going star formation and a SED dominated by the stellar population formed in a recent (< 2 Gyr) burst. By selecting post-starburst galaxies with mean luminosity-weighted ages between 0.5 and 1.5 Gyr and a broad range of metallicities (based on SDSS optical spectroscopy), we explore the parameter space over which the relative energy output of TP-AGB stars peaks. A key feature of the present study is that we target galaxies at z ≈ 0.2, so that two main spectral features of TP-AGB stars (C-molecule band-head drops at 1.41 and 1.77 µm, blended with strong telluric absorption features, hence hardly observable from the ground, for targets at z ≈ 0) move inside the H and K atmospheric windows and can be constrained for the first time to high accuracy. Our observations provide key constraints to stellar population synthesis models. Our main results are: i) the NIR regions around 1.41 and 1.77 µm (rest-frame) are featureless for all galaxies in our sample over the whole range of relevant ages and metallicities at variance with the Maraston (2005) "TP-AGB heavy" models, which exhibit marked drops there; ii) no flux boosting is observed in the NIR. The optical-NIR SEDs of most of our post-starburst galaxies can be consistently reproduced with Bruzual & Charlot (2003) models, using either simple stellar populations (SSP) of corresponding light-weighted ages and metallicities, or a more realistic burst plus an underlying old population containing up to approximately 60% of the total stellar mass. In contrast, all combinations of this kind based on the Maraston (2005) models are unable to simultaneously reproduce the smoothness of the NIR spectra and the relatively blue optical-NIR colours in the observations. The data collected in this study appear to disfavour "TP-AGB heavy" models with respect to "TP-AGB light" ones.
INTRODUCTION
The modelling of the spectral energy distribution (SED) of galaxies and its interpretation in terms of stellar population parameters (e.g. age, star formation history, metallicity) via stellar population synthesis (SPS) is a fundamental of ages between 0.5 and 1.5 Gyr. TP-AGB stars emit mainly in the near infrared (NIR) spectral range given the low temperatures of these stars. Quantitative predictions of the lifetimes, luminosities and spectral shapes and features of these stars as well as of their impact on the integrated spectra of even "simple" stellar populations, are still very uncertain and strongly model-dependent (e.g. Melbourne et al. 2012) . One further complication derives from the fact that TP-AGB stars are likely to be embedded in envelopes of dust produced by themselves (e.g. Groenewegen et al. 2009; Chisari & Kelson 2012) , which attenuates the emerging optical and NIR radiation by a substantial fraction (Meidt et al. 2012) .
The seminal work of Maraston (2005, Ma05 hereafter) , who adopted the "fuel consumption theorem" approach and calibrated the flux contribution of this phase against optical and NIR photometry of Magellanic Clouds' globular clusters, dramatically pointed out how large the impact of TP-AGB stars on galaxy SEDs may possibly be. The Ma05 models make two clear and testable predictions in contrast to "classical" models (such as Bruzual & Charlot 2003, BC03 hereafter) , which rely on standard, less extreme prescriptions for the TP-AGB phase: in particular, i) the NIR flux of stellar populations of ages between ≈0.5 and ≈ 1.5 Gyr is enhanced by a factor up to 3 (as a function of age and metallicity); in addition, ii) strong, sharp absorption features appear in the spectrum, especially at NIR wavelengths (and most notably at 1.1, 1.41 and 1.77 µm). These features correspond to the band-heads of carbon composite molecules and should depend on metallicity. They represent the undebatable fingerprints of TP-AGB stars as predicted by Ma05 models. This can be clearly seen in Fig. 1 , where we confront the optical-NIR spectra of simple stellar populations (SSP) of three ages (0.5, 1 and 1.5 Gyr) at three different metallicities (0.5, 1 and 2-2.5 Z⊙) as derived from the Ma05 models (black lines) and the BC03 models (red lines) respectively.
Observationally, detections of near-infrared CN absorption bands have been reported in the integrated spectra of only a few Seyfert galaxies (Riffel et al. 2007 ) and globular clusters dominated by the stochastic presence of bright carbon stars (Lyubenova et al. 2012) . In fact, from a theoretical point of view, carbon absorption features are not a required signature of AGB-star populations. Sophisticated models of AGB stellar evolution predict that convective dredge-up of carbon produced by nuclear fusion during the envelope thermal pulses will increase the abundance of carbon relative to oxygen near the surface, which can eventually lead to the production of a carbon star (e.g. Marigo & Girardi 2007) . While the efficiency of this process is expected to increase as the metallicity decreases, the integrated spectrum of most intermediate-age stellar populations could well be dominated oxygen-rich AGB stars without strong carbon absorption features.
The largely different NIR flux predictions for TP-AGB stars by different models have strong implications in terms of SED interpretation, leading to substantially lower stellar mass and age estimates (by up to a factor 2 or more) when rest-frame NIR bands are included in the analysis of galaxies with ages around 1 Gyr (e.g. Ilbert et al. 2010 ). The popularity of NIR passbands as tracers of stellar mass, both at low and high redshift, thanks to their (generally) low sensitivity to age, metallicity and dust in terms of mass-to-light ratio (M/L) (e.g. Bell et al. 2003; Zibetti et al. 2009 ), clearly calls for a proper assessment of the models in this respect (see also Melbourne et al. 2012) . Verifying the reliability of SPS models in the regime of ages around 1 Gyr is therefore of paramount relevance for studies of galaxy properties and their evolution.
Since 2005, a number of contrasting results and claims have been produced about the appropriateness of the Ma05 predictions. Maraston et al. (2006) showed that the Ma05 models fit the SEDs of high-z (1.5 z 2.5) galaxies better than BC03 models. However the same work shows that the performance of the two models differ only marginally in terms of goodness of fit if one allows for dust reddening, although the inferred stellar mass is substantially different. A better agreement of Ma05 models with the observed optical-NIR colours is also reported by MacArthur et al. (2010) , who used combined optical spectroscopy and optical-NIR photometry to constrain the star formation history of two galaxies. Lyubenova et al. (2012) also report detections of the 1.77 µm feature in two Magellanic Clouds' globular clusters, in agreement with Ma05 predictions. On the other hand, studies of Magellanic Clouds' globular clusters found significant discrepancies between observations and Ma05 predictions. Lyubenova et al. (2010) found that the CO line strength (in the NIR K band) is much weaker than predicted by Ma05 in clusters of age ≈ 1 Gyr. Conroy & Gunn (2010) studied the colours of Magellanic Clouds' globular clusters as a function of their age and showed that Ma05 models predict optical and NIR colours that are too red. Moreover the predicted age dependence of these colours does not agree with the data. As opposed, a substantial agreement with models based on much less extreme TP-AGB prescriptions is found.
As already pointed out by Lançon et al. (1999) , poststarburst galaxies (PSB hereafter) are the best galaxies to look at in order to find the fingerprints of (TP-)AGB stars on their SED. PSBs have a star formation history dominated by a burst in the exact age range when TP-AGB stars are expected to have the strongest impact, i.e. between 0.5 and 1.5 Gyr prior to the epoch of observation 1 . Their optical spectrum is characterised by a well developed Balmer/D4000 break, the lack of strong emission lines (which testify a substantial cessation of star formation activity) and by the very strong Balmer absorption lines typical of A stars (hence the alternative denomination of E+A or K+A galaxies). Conroy & Gunn (2010) compared the optical-NIR colours of the sample of PSBs spectroscopically selected by Quintero et al. (2004) to the colours of different SPS models. They showed (see their Fig. 16 ) that i − z, g − r colours are not reproduced by Ma05 models: not only would the blue portion of this colour plane be only explained by unrealistically low metallicities, but also the age sequences in Ma05 models produce trends that are orthogonal to the observed age trends. Kriek et al. (2010) performed another photometric test, in which they fitted the stacked (rest-frame) UVoptical-NIR SED of 62 PSBs at 0.7 z 2, colour selected Comparison between SSPs at the peak of the TP-AGB phase, as derived from Ma05 models (black lines) and BC03 (red lines). Three different ages, 0.5, 1 and 1.5 Gyr from top to bottom, and three different metallicities, 0.5, 1 and 2 Z ⊙ (the highest metallicity for BC03 is actually replaced by 2.5 Z ⊙ ), from left to right, are considered. Shaded regions correspond to the rest-frame spectral ranges covered by the H and K band ISAAC spectroscopic setups for the z ≈ 0.2 galaxies presented in this work and include the strong features at 1.41 and 1.77 µm.
from the NEWFIRM medium band survey (NMBS) to have ages around 1 Gyr, according to both BC03 and Ma05 models. Also in this case it is found that BC03 models can reproduce the observed SEDs much better, in particular the observed blue optical-NIR colours, which are not reproduced by Ma05.
In this paper we present the results of the experiment that we designed to test for the two main predictions of Ma05 models, namely the presence of sharp NIR spectral features and the boosted NIR flux, on a sample of PSBs carefully selected from optical spectroscopy and newly observed in NIR spectroscopy (H and K band) with ISAAC at the ESO-VLT. The selection criteria and properties of the sample are fully detailed in Section 2. Here we would like to stress the uniqueness of this work. i) For the first time we cover both the optical and the NIR range of PSBs with flux calibrated spectra to look directly for the NIR spectral features at 1.41 and 1.77 µm predicted by the Ma05 mod-els and resulting from the large impact of TP-AGB C-rich stars. These features are unaccessible or extremely difficult to measure from the ground as they roughly coincide with the atmospheric gaps between J and H, and between H and K bands, respectively, for nearby objects. Therefore we observed PSBs in the redshift range 0.15-0.25 so that the Cfeatures move well into the observable windows and are minimally affected by uncertain telluric corrections, as shown in Fig. 1 . ii) Contrary to previous works based either on colour selection (Kriek et al. 2010) or on a purely phenomenological spectroscopic selection (Conroy & Gunn 2010) , the selection of our sample is based on both phenomenological criteria (high Balmer line strength and low emission lines, Goto 2005) and bayesian estimates of light weighted ages from optical spectral indices as in Gallazzi et al. (2005) . This allows us to focus our observations and analysis on the precise range of stellar ages where TP-AGB stars are expected to contribute the most, for a variety of stellar metallicities.
The paper is organised as follows. In Section 2 we present the sample, the new ISAAC NIR spectroscopic observations and the data reduction, including spectrophotometric calibrations and integration with optical data. In Section 3 we present the results and discuss possible spurious effects and contaminations that might affect our conclusions. A comparison with the analysis of Kriek et al. (2010) is also presented. Finally, in Section 4 we summarise our findings and propose our conclusions and future developments.
SAMPLE AND OBSERVATIONS

Sample selection and characterisation
We draw our PSB targets from the spectroscopic sample of the Sloan Digital Sky Survey (SDSS, York et al. 2000; Strauss et al. 2002 ) data release 7 (DR7, Abazajian et al. 2009 ). The initial pre-selection was based on the line equivalent width (EW) criteria defined in Goto (2005) , namely:
2 In order to ensure that the two strong NIR features corresponding to the band-heads of CN (1.41 µm) and C2 (1.77 µm) due to carbon rich AGB stars (cf. Lançon & Mouhcine 2002) are observable from the ground, we require the galaxies to be at 0.15 < z < 0.25, so that 1.41 µm and 1.77 µm (at rest) move into the H-and K-band windows, respectively. This selection is based on the SDSS-DR7 casjobs catalog 3 . We further restrict the sample by applying the visibility cuts in order for targets to be observable from Paranal during the winter semester: DEC< 20 deg and RA between 0 and 230 deg or RA> 330 deg. Finally we require that the stellar light-weighted age of the galaxies is in the range 0.5 to 1.5 Gyr, i.e. at the maximum of the predicted TP-AGB luminosity contribution, based on the estimates computed as in Gallazzi et al. (2005) and available in the MPA-JHU catalog 4 . Given the relative rarity of the post starburst phase and the restrictive age, coordinate and redshift cuts (the latter particularly relevant as it is almost at the extreme boundary of the SDSS main galaxy sample), the final sample is composed of sixteen galaxies only. The properties of the sample are summarised in Table  1 and in Fig. 2 . This figure illustrates the distribution of our galaxies in the classical HδA vs D4000n plane. In this plane the main sequence of galaxies with smooth continuum star formation history is displayed by the grey intensity levels, which represent the distribution of SDSS-DR4 galaxies of increasing ages from top-left to bottom right. Galaxies lying above this sequence, such as our galaxies, represented by the red dots with error bars, are characterised by relatively recent bursts of star formation with ages between a few hundred Myr to a couple of Gyr, which dominate the light of the galaxy. For comparison, tracks of Simple Stellar Populations (SSP) with different metallicities from BC03 are shown; the typical bell-shape of these SSP tracks peaks in HδA at ages of 0.3-0.5 Gyr (depending on metallicity) and decreases to HδA ≈ 3-5 for ages of a few Gyr. By design, our sample populates the intermediate range of burst ages in this diagram.
The statistical estimates of light-weighted stellar ages, metallicity and mass computed from optical spectral absorption indices (D4000n, HδA + HγA, Hβ, [MgFe] ′ , [Mg2Fe]) with the bayesian method of Gallazzi et al. (2005) and used in the selection are reported in Tab. 1 (columns 6, 7 and 8), along with the ID (1), coordinates (2, 3), redshift (4) and apparent r-band petrosian magnitudes (5) of the galaxies from the SDSS. The sample comprises intermediate mass galaxies, between ≈ 3 and ≈ 7 × 10 10 M⊙, with ages in the range 0.8 − 1.4 Gyr and metallicities between 0.2 and 2.3 solar. Most galaxies have indeed Z > 0.5Z⊙, as expected given their stellar mass. Despite the paucity of galaxies at low age (< 1 Gyr) and low metallicity (< 1Z⊙), the sample provides a good coverage of the relevant ages for the TP-AGB phase and of the metallicities most typical for galaxies around the characteristic luminosity L * . We note that the estimates of the stellar population parameters of Gallazzi et al. (2005) rely on the comparison with synthetic spectral libraries based on BC03 models, therefore they could be biased with respect to estimates based on other synthesis models, most notably the Ma05 ones. However, optical spectral indices short-wards of 5500Å are generally well agreed upon among different modellers and, most importantly, are only weakly affected by TP-AGB stars, which mainly influence the NIR spectral region. Thus age and metallicity estimates from optical absorption features are robust against different TP-AGB prescriptions and the use of different models. This is even more the case for spectra dominated by A stars, where Balmer absorptions are very strong. Furthermore, in Sec. 3 (3.2 and 3.3 in particular) we thoroughly explore if and how different (combinations of) ages and metallicities can possibly explain the observed properties of our galaxies, irrespective of their original selection.
Based on the SDSS optical images and, to minor extent, on our ISAAC NIR images, we note that the majority of galaxies display smooth and centrally concentrated light distributions, typical of early type galaxies, with the only exception of PSB J0227−0015, which has an extended and irregular "halo". However, other four galax- Figure 2 . Sample properties in the classical Hδ-D4000n diagram, a proxy for burstiness vs. age of the stellar population. Red points with error bars are the sixteen galaxies selected for the present study; the underlying grey-scale image represents the density distribution of a complete sample of galaxies from SDSS-DR4. As one can see, our sample selects galaxies dominated by a burst in a range of young to intermediate ages. Note that the estimates of Hδ A used in this plot are not exactly the same as the E.W. measurements used in the sample selection (therefore values < 5Å are not inconsistent with the selection criteria reported in the text).
ies (PSB J1039+0604, PSB J1046+0714, PSB J1119+1313 and PSB J1206+0918) have close and possibly interacting companions; in many cases, faint structures (like shells or streamers) can be tentatively seen. This suggests a relatively recent merger or interaction as a possible origin of the ceased starburst in these galaxies.
Observations and data reduction
The sixteen galaxies of the sample were observed in the programme ID 086.B-0733 (P.I.: S. Zibetti) at the UT3 Melipal of the ESO-VLT at the Paranal Observatory. The ISAAC instrument (Moorwood et al. 1998 ) has been used in two different spectroscopic setups to obtain low resolution spectra in the H and K bands. 1.5 arcsec slit and SWS1-LR grism were used in both setups, with central wavelengths of 1.65 and 2.2 µm respectively. This gives a spectral resolution of ≈ 350 (50Å) and ≈ 300 (70Å) in H and K respectively. Observations were carried out in service mode with clear (not necessarily photometric) sky and maximum seeing of 1.4 arcsec to minimise slit losses and match the fibre size and seeing of the SDSS optical spectra as well as possible. Standard ABBA on-slit nodding with 70 arcsec offsets and 20 arcsec jittering were adopted to allow accurate sky subtraction and bad pixels and cosmic ray rejection. Eight exposures of 180 sec each were taken in H band and six exposures of 150 sec each were taken in K, for total 24 minutes of integration in H and 15 minutes in K per target. This eventually yields typical signal-to-noise ratio (SNR) of ≈ 50 and 25 per resolution element in H and K respectively. Spectro-photometric standard stars were observed with identical setup immediately after or before the science observations to provide a reliable estimate of the spectral sensitivity function and compute the corrections for telluric absorption. Standard data reduction procedures have been implemented in IRAF 5 . Wavelength calibration has been performed based on the sky OH lines as measured on a median combined image of the scientific frames. This approach turned out to be much more stable and reliable than using the arc lamp calibrations taken in day time. We have tried different approaches to optimally correct the spectra for telluric absorption. As our best solution we adopted the following strategy: the empirical highresolution transmissivity function of the average atmosphere above Paranal (provided by ESO) is finely tweaked by scaling and changing the resolution until we can exactly compensate for the observed absorption at various wavelengths on the spectrum of the spectrophotometric standard; the coadded spectrum of each galaxy is then corrected for the same absorption pattern as for the closest (in time and airmass) standard star. We have applied the telluric correction to both standard stars and galaxies before computing the sensitivity function and applying the flux calibration.
In order to assemble a SED including the visible range and the H and K NIR bands, absolute flux calibration is required. To this goal we have obtained high SNR images in H and Ks bands in photometric conditions with ISAAC as part of the same program. "Total" integrated magnitude derived from these images are used to rescale the spectra. By "total" magnitude we adopt the magnitude integrated within the petrosian aperture, as defined by the SDSS photometric pipeline on the SDSS r-band images in data release 8 (DR8, Aihara et al. 2011) 6 . DR8 is chosen as it fixes a number of issues especially with sky subtraction. H and Ks magnitudes are used to rescale the respective ISAAC spectra in the NIR, while the optical spectrum from the SDSS is normalised according to the r-band petrosian magnitude 7 . Conversions between NIR magnitudes natively calibrated in the Vega system for the ISAAC filters into the corresponding flux densities 8 for our spectra are computed based on the spectrum of Vega of Kurucz (1992) , distributed by BC03. Typical total photometric uncertainties for ISAAC petrosian magnitudes are estimated ≈ 0.05 mag and include photometric zero point fluctuations (≈ 0.03 mag, derived from repeated observations of standard stars during the nights) and background subtraction uncertainties.
9 For the SDSS we assume errors of 0.02 mag, which is the maximum reported for our 5 IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy (AURA) under cooperative agreement with the National Science Foundation. 6 Data are obtained from the DR8 casjobs catalog server http://skyservice.pha.jhu.edu/casjobs. 7 We adopt the petrosian magnitudes distributed in the SDSS-DR8. We have independently checked these values by doing our own aperture photometry on the SDSS images and found substantial agreement: our estimates are 0.011 mag fainter on average, with a scatter of 0.015 mag. Only for two galaxies (PSB J1133+0205 and PSB J0151−0056) we find fainter magnitude by more than 0.03 mag (+0.040 and +0.033 respectively). These small discrepancies are well within the errors adopted in Sec. 3.2 and 3.3. 8 Average flux densities within broad band filters are computed according to the integral defining AB magnitudes given by Fukugita et al. (1996) . 9 Photometric measurements similarly performed on the UKIDSS (Lawrence et al. 2007 ) images that are available for a objects by SDSS-DR8. Foreground Galactic extinction correction is finally applied using the optical depth derived from Schlegel et al. (1998) and assuming the standard extinction laws of Cardelli et al. (1989) and O'Donnell (1994) .
Aperture effects
The spectra of our galaxies, both SDSS and ISAAC, are taken in relatively small apertures or slits centred on the brightness peak: 3-arcsec fibres are used in the SDSS with a typical seeing of ≈ 2 arcsec while 1.5-arcsec long-slits with seeing of 1.4 arcsec or better are used with ISAAC. Relative aperture size and seeing are designed to conspire and collect a similar fraction of the galaxy light. By rescaling the spectra according to the "total" petrosian magnitudes we implicitly assume that stellar population gradients are of limited relevance and the central region of the galaxies are representative of the whole. Pracy et al. (2012) have analysed a small sample of post-starburst galaxies with integral field spectroscopy and showed that, in reality, a large fraction of them have cores that are younger than the rest of the galaxy, hence our assumption does not strictly hold. Unfortunately, because of different seeing conditions and geometry of the apertures, a precise and homogeneous rescaling of the spectra is very hard to achieve. However, by comparing fluxes and colours that are obtained in the petrosian and in the fibre apertures we can show that the aperture effects for our sample are small enough not to affect our conclusions.
First of all, we note that at the relatively high redshift of our sample the apparent size of the galaxies is typically 2.5 arcsec (median petrosian radius, maximum 3.1 arcsec), so that the 3-arcsec SDSS fibre typically collects already half of the total flux. The ISAAC spectra roughly collect the same fraction of flux. The long slit geometry in this case integrates into the spectra not only the central part, but also the outskirts of the galaxy, so that the ISAAC spectra are indeed even more representative of the whole galaxy.
In second place, we have checked by how much "total" petrosian colours differ from fibre colours in the optical. Fibre colours are computed in such a way that they correspond as closely as possible to the SED portion effectively captured in the SDSS spectra. The strongest effects are expected and observed in g − i, since this colour roughly corresponds to u − r at z ≈ 0.2 and therefore is the most sensitive to stellar population properties by bracketing the D4000 break. We find that, on average, fibre g − i is bluer by 0.027 mag with respect to the corresponding total petrosian colours, with a rms of 0.037. Only four galaxies (out of 16) have a fibre colour which is bluer than total by more than 0.05 mag: PSB J1046+0714, PSB J1015+0103, PSB J0227−0015 and PSB J0328+0045. We dub these galaxies "blue core" in the following. For the remainder, differences in colour can be considered as not significant, although the data hint at starbursts preferentially occurring in the central regions of galaxies rather than in the outskirts, consistently with Pracy et al. (2012) . Looking at r − i, which roughly corresponds to the rest-frame optical colour m0.55 − m0.70 that subsample of our galaxies are found in good agreement within the quoted uncertainties.
will be discussed in the following, we find even smaller differences of 0.012 mag on average (0.021 mag rms). These are well within the spectrophotometric calibration errors.
Finally, we estimate the relative aperture corrections between the optical and NIR bands. Specifically, we consider the aperture corrections in r and H-band, defined by ap corr = m fiber − mpetro. For the r-band we use the quantities provided by the SDSS database. For the H-band we use the total petrosian magnitude as derived above, while to obtain fibre magnitudes we first convolve the ISAAC images to a common PSF of FWHM=2 arcsec and then integrate the flux within a circular aperture of 3 arcsecond in diameter, as done in the SDSS pipeline. Since for most of the ISAAC images we lack a sufficient number of high SNR stars to compute an accurate PSF, the final FWHM is approximated within 0.1 arcsec. We find an average difference of aperture corrections in r and H-band < ap corrr − ap corrH >= 0.026 mag with rms of 0.1 mag, indicating that on average our galaxies are slightly more concentrated in r than in H, although with very marginal significance. This is consistent with the existence of few blue cores and, in general, of very small systematic SED variations between the spectral and the total apertures. This analysis of the aperture effects justifies our choice to use the total petrosian magnitude to compute the relative normalisation of the optical and NIR spectra. Total petrosian magnitudes are much more stable than magnitudes integrated in small apertures comparable with the seeing, which therefore rely on uncertain PSF convolution. On the other hand, we have shown that they do not introduce significant biases between different spectral regions. The systematic aperture bias of 0.026 mag between r and H is in fact well within the photometric uncertainties estimated in the previous section.
In the following analysis we will adopt 0.1 mag as standard error on the optical-NIR colours and 0.05 mag on the optical colours, to take into account both photometric errors and aperture effects.
RESULTS AND ANALYSIS
Composite optical-NIR spectra: absence of sharp NIR features
The composite optical-NIR spectra obtained as explained in the previous section are presented in Fig. 3 , in the rest frame and normalised to the flux density at 5500Å, in order to ease a prompt comparison between all galaxies. The actual normalisation refers to the median flux in the range 5480-5520Å, in order to minimise the effect of noise on the individual spectral pixels. The SDSS portion of the spectra covers approximately the rest-frame range 3000-7500Å, ISAAC H 1.25-1.50 µm, and ISAAC K 1.65-2.00 µm. For each galaxy, three panels display the full optical-NIR spectral range (top left plot), a zoom into the optical region that includes the most significant diagnostic lines (top right plot), and the NIR H-K range (bottom plot). Green lines are used to plot the spectra at high resolution: the original ≈ 40 and 50Å resolution at ≈ 4 and 6Å per pixel in the rest frame is used for the H and K spectra respectively, while for the SDSS spectra (original resolution 2.5Å at ≈ 1Å per pixel in the rest frame) a smoothing over 3 pixels is applied to make the plot more readable. Black thick lines are used to (over)plot heavily smoothed versions of the spectra, in order to ease the identification of possible spectral features, especially in the NIR bands: smoothing over 15 pixels is adopted both in the optical and the NIR spectra, resulting in rest frame resolution of ≈ 15, 60 and 90Å in optical, H and K ranges, respectively. Vertical dotted lines mark the position of the main (expected) spectral features: the Balmer series (up to Hη 9-2) and the two features of CN (1.41 µm) and C2 (1.77 µm) due to carbon rich AGB stars (Lançon & Mouhcine 2002) . For each galaxy in the bottom panel we report also the light-weighted stellar age and metallicity and corresponding uncertainties derived from optical absorption features as in Gallazzi et al. (2005) . All galaxies display typical E+A or post-starburst spectra with very strong Balmer absorptions, well developed D4000 break and blue continuum. The actual slope of the optical continuum generally shows the well known dependence on age and metallicity, although dust attenuation may affect the slope as well. We do not attempt to put any constraint on this parameter, but discuss its possible impact on our conclusions below. Three galaxies, PSB J0227−0015, PSB J0328−0045, and PSB J1150−0107 show significant Hα emission (and some higher ionisation lines for PSB J0328−0045), indicating some residual ongoing star formation, which is also confirmed by (marginal) detections at 22 µm (W4) in the WISE All Sky Survey (Wright et al. 2010) , measured with SNR of 4.4 and 2.8, and 2.0, respectively. However, the equivalent width in all cases matches the Goto (2005) criteria, being −2.27±0.10Å, −2.80 ± 0.10Å, and −2.43 ± 0.24Å, respectively, all larger than −3Å. Given the observed strength of all Balmer absorption lines, the contribution of newly formed stars (or AGN) can be largely neglected in comparison to the radiation by the intermediate-age population we aim at studying here. It is worth noting that two of these galaxies (PSB J0227−0015 and PSB J0328−0045) also have a blue core, supporting the idea that blue cores might be related to some residual star formation extending close to the present time. The absence of emission lines and blue cores from the majority of the galaxies in our sample further confirms their nature of genuine post-starburst galaxies.
What is most important for the scope of this work is the lack of any evidence for sharp features in the NIR in any of the 16 galaxies. Most of them display completely featureless continua with approximately uniform slope within the two NIR windows. Some tentative evidence for a wavelength-dependent slope is seen in a few objects: PSB J1039+0604, PSB J1046+0714 and especially PSB J1314+0430 appear to change their slope around 1.41 µm, while in PSB J1119+1313 and PSB J1133+0205 a change of slope can be tentatively seen around 1.77 µm. Similar mild changes of slope, most likely due to molecular bands in the atmospheres of cool stars, are compatible with BC03 but are in fact substantially dissimilar from the sharp drops by a few 10% in flux predicted by Ma05 models (see Fig. 1 ).
To further support these conclusions, we stacked all 16 spectra in H and K separately, after normalising them in a 1000Å-wide region around 1.41 and 1.77 µm, respectively. The results are displayed in Fig. 4 , with the black lines show- Figure 3 . Composite rest-frame spectra for the sixteen galaxies of the sample, including optical SDSS spectra and the new NIR H and K band spectra observed with ISAAC at the ESO-VLT. Correction for foreground Galactic extinction and normalisation at 5500Å are applied after relative normalisation between the optical and the NIR spectra based on SDSS r-band photometry and our own ISAAC imaging, as detailed in the text. The full/high resolution version of the spectra is plotted in green (rest-frame resolution 2.5Å for the SDSS and 40 and 50Å for ISAAC); the thick black curves are smoothed versions of the same spectra, to filter out the noise and improve the visibility of the features. The resulting effective resolution in these smoothed spectra is ≈ 15, 60 and 90Å rest-frame in optical, H and K ranges, respectively. The new NIR H and K band spectra observed with ISAAC at the ESO-VLT are displayed in the bottom plot of each panel. The full optical-NIR range is shown in the top-left plot, while a zoom-in of the optical range is shown in the top-right plot. Vertical dotted lines mark the position of the main (expected) spectral features: the Balmer series (up to Hη 9-2) and the two features of CN (1.41 µm) and C 2 (1.77 µm) due to carbon rich AGB stars (Lançon & Mouhcine 2002) . Light-weighted ages and metallicity are reported for each galaxy (see text for details).
ing the average spectrum and the shaded green area indicating the 16-84% inter-percentile range (approximately ±1σ range). This figure shows that on average carbon molecules in the atmospheres of evolved stars produce band-head drops that are definitely less than 5% of the continuum.
Optical-NIR colours vs optical absorption indices
Stellar absorption indices in the optical range are extremely powerful diagnostics of stellar population properties. Decades of development and tests have led to substantial agreement on their interpretation in terms of ages and global metallicity. In this section we exploit part of the wealth of information that we can extract from the optical SDSS spectra of our galaxies for two main purposes: i) probe the ability of "TP-AGB light" models (represented by BC03) and "TP-AGB heavy" models (Ma05) to reproduce the observed trends and distributions in the parameter space of optical absorption indices and optical-NIR colours; ii) investigate whether the lack of NIR spectral features can be due to selection biases such that we misinterpreted optical diagnostics (e.g. due to the use of BC03-based model libraries) and ended up missing the relevant phase for TP-AGB stars.
We start considering only age-sensitive absorption in- represented with different symbols and colours from blue to red (solar in orange, see figure caption). Symbols of increasing size are used to mark discrete increasing ages, with the crucial age of 1 Gyr identified by a star. The spectral indices HδA + HγA and D4000n are measured after convolving the model spectra to match the resolution and average velocity dispersion of the galaxies (< σ >= 164km s −1 ). The Ma05 SSP spectra are distributed over the full optical-NIR range only at low resolution (20Å sampling), therefore cannot be used to compute reliable indices, HδA + HγA in particular.
11 Maraston & Strömbäck (2011) delivered high reso- lution spectra for a subsample of the Ma05 age-metallicity grid, over the optical range: only three metallicities are available (0.5, 1.0 and 2.0 solar), with the lowest ages being 200, 30, 400 Myr, respectively. We use these models (in their STELIB version), convolved to the effective resolution of our data, to compute the HδA + HγA and D4000n plotted in the first two panels of the bottom row of Fig. 5 ; optical-NIR colours are computed from the original Ma05 SEDs of corresponding age and metallicity. For the colour-colour plot
Hδ A + Hγ A by up to ≈ 5Å and to overestimate D4000n by up to ≈ 0.1.
the full grid of Ma05 is used instead, which allows extending the metallicity down to 1/20 solar and the age down to 50 Myr as for BC03. Observational data points derived from our composite optical-NIR spectra are plotted as error bars. As shown by the top row of Fig. 5 , BC03 SSPs provide a good match to the observed spectral diagnostics, with the only exception of a couple of galaxies, PSB J1150−0107 and PSB J1206+0918, which appear to have a too blue m0.55 − m1.40 NIR-optical colour for the given m0.55 − m0.70 optical colour (or, reversely, a too red m0.55 − m0.70 for the given m0.55 −m1.40) and will be discussed in Sec. 3.4. In particular, galaxies cover the range in age and metallicity corresponding to light-weighted ages and metallicities listed in Table 1 , which are mostly relevant for the TP-AGB phase.
As far as the comparison with the Ma05 models is concerned, we note that the observed age-sensitive indices approximately match the range of ages given by our lightweighted estimates. Most of the observed HδA + HγA and D4000n values correspond to SSP ages between 0.5 and 1 (1.5) Gyr for the solar (sub-solar) metallicity track, while ages smaller than 0.5 Gyr would be inferred from the 2 times solar metallicity track. For the given indices, however, the predicted m0.55 − m1.40 NIR-optical colours are on average 0.5 mag redder than the observed ones. This is consistent with the Ma05 "TP-AGB heavy" models having the NIR very much boosted with respect to BC03 in the age range around 1 Gyr implied by the Balmer indices. In the rightmost panel of Fig. 5 , bottom row, we see that, unless a metallicity as low as 1/20 solar is representative of most galaxies and ages are significantly larger than 1 Gyr, the Ma05 models predict m0.55 − m1.40 NIR-optical colours that are on average 0.5 mag redder than observed, for the observed optical m0.55 − m0.70 colours.
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We note that the inclusion of dust with a standard effective attenuation curve in the models does not alleviate the tension between the Ma05 models and observations. We illustrate this in Fig. 5 by drawing arrows which represent the offset to apply to each model when an optical extinction of AV = 1 mag and an effective attenuation law τ λ ∝ λ −0.7 (following Charlot & Fall 2000, for an SSP) are applied. As expected, the effect of dust is to move model tracks to redder colours: this would worsen the disagreement in the indexcolour planes. The reddening vector is approximately parallel to the model tracks in the colour-colour plane: accounting for dust attenuation in the models would not substantially change the (dis)agreement with the observations in terms of colours, although it would require even lower metallicities and ages.
The hypothesis of a metallicity as low as 1/20 solar is not only unlikely to apply to a full sample of relatively massive galaxies with M * ≈ 5 × 10 10 M⊙, but is also inconsistent with direct metallicity constraints which can be derived from absorption indices. In Table 1 we already showed metallicity estimates derived from the vast library (based on BC03) and bayesian method of Gallazzi et al. (2005) : these estimates range from 0.2 Z⊙ minimum to 2.3 Z⊙ maximum, roughly uniformly distributed. In Fig. 6 we show that metallicities as low as 1/20 solar are indeed ruled out already from a simple comparison of standard absorption line indices on which different models are in substantial agreement, namely [MgFe] ′ and Hβ. [MgFe] ′ in particular is chosen as optimal metallicity indicator following Thomas et al. (2003) who demonstrated its insensitivity to α/Fe abundance ratio; Hβ serves to constrain the age of the stellar population and hence alleviate the well known age-metallicity degeneracy. Fig. 6 shows the indices measured in our galaxies as crosses with error bars, while tracks of different colours are derived from BC03 SSPs in the age range 50 Myr -13.6 Gyr (symbols are the same as in Fig. 5) . Four different metallicities, 1/50, 0.4, 1 and 2.5 solar are plotted in purple, blue, green orange and red, respectively. It is apparent from this plot that metallicities significantly lower than 0.4 solar are inconsis- Figure 5 . Comparison between the observed properties of the post-starburst galaxies in our sample (points with error bars) and a suite of SSP models (coloured symbols and lines) from BC03 (top row ) and Ma05 (bottom row ). The optical-NIR colour m 0.55 − m 1.40 is plotted against Hδ A +Hγ A (left panels), D4000n (central panels), and the optical colour m 0.55 − m 0.70 (right panels). Each track (blue with upside-down triangles, green with diamonds, orange with circles and red with crosses) corresponds to metallicity of 1/50, 0.4, 1 and 2.5 solar, respectively, for the BC03 models in top row, and to metallicity of 1/20, 0.5, 1 and 2 solar, respectively, for the Ma05 models in bottom row. The tracks for BC03 and the colour-colour plot of Ma05 extend from 50 Myr to 13.6 Gyr. As Ma05 only provides lowresolution SEDs, Hδ A +Hγ A and D4000n for these models are taken from the corresponding STELIB-based SSPs published by Maraston & Strömbäck (2011) , limited to three metallicities, 0.5, 1.0 and 2.0 solar, and starting with ages of 200, 30, 400 Myr, respectively. Stars mark 1 Gyr, while symbols of increasing size mark ages of 0.3, 0.5, 1.5, 2 and 10 Gyr. IMF is assumed Salpeter in all cases. The arrow in each plot shows the shift produced by A V = 1 mag for a uniform attenuation following τ λ ∝ λ −0.7 . While colours and spectral indices can be reproduced simultaneously by BC03 SSPs, Ma05 SSPs yield optical-NIR colours that are inconsistent with age-sensitive spectral indices and optical colours, unless metallicities as low as 1/20 solar are advocated for all galaxies.
tent with the data-points. We have checked that the same conclusions are obtained if indices based on BC03 models are replaced with those computed by Thomas and collaborators (Thomas et al. 2003 (Thomas et al. , 2004 Korn et al. 2005) : the only difference between the two sets of models is that Thomas' models shift the lower limit allowed by the data to slightly higher metallicities.
Effects of composite stellar populations
A possible explanation why the strong TP-AGB features predicted by Ma05 models are not seen in our spectra is that in the NIR there is a substantial contribution by old stars, which are almost completely outshined by the younger population in the optical bands. In fact, it is quite unlikely that the entire stellar population of galaxies as massive as several 10
10 M⊙ is formed in a burst ≈ 1 Gyr old and a more realistic scenario is that the burst shines atop an old component. To explore this hypothesis we have repeated the test presented in Fig. 5 using composite stellar populations (CSP) instead of SSPs.
In a first experiment, each CSP is composed of two components: a fixed 10-Gyr old, solar metallicity SSP (which we will call "old component" in the following) and an SSP of variable age, from 50 Myr to 13.6 Gyr, and metallicity, from 1/20 to 2-2.5 solar (which we will call "young" component or "burst", and corresponds to the SSPs of Figure  5 ). In the following we refer to these models as CSP-S, Figure 7 . Same as Figure 5 , but now using the composite SPs that are referred to as CSP-S in the text: a 10 Gyr old, solar metallicity component is combined with SSPs with the same properties as (and represented as) in Figure 5 . The ratio of masses as formed in the fixed "old" vs variable "young" components is 9:1. For both BC03 and Ma05 models, such a combination can reproduce the spectral indices with "young" components younger than ≈ 0.5 − 1 Gyr (even more so for the Ma05 models); however the optical-NIR colours cannot be reproduced by these models. Inclusion of standard dust attenuation (illustrated by the arrows) does not help also in this case.
where "S" indicates that the metallicity of the old component is solar. This choice appears reasonable considering that Z Z⊙ is typical for the old component of massive galaxies with M *
10
10 M⊙ (e.g. Gallazzi et al. 2005; Thomas et al. 2005) . We have varied the relative fraction of (initial) mass in the old component and in the burst from 0:1 to 0.9:0.1. Fig. 7 shows the same diagnostic plots we already used to analyse pure SSPs (Fig. 5) , but now plotting CSP-S models for the extreme "contamination", i.e. for 90% of the formed mass in the old component and 10% in the burst (as was also assumed by Conroy & Gunn 2010) . Symbols and colours are the same as in Fig. 5 and refer to age and metallicity of the variable burst component alone. CSP-S models, either BC03 or Ma05, can easily reproduce the distribution of data-points in HδA + HγA and D4000n: the contamination by the old component is compensated by a younger burst component ( 500 Myr) with respect to those that provided the best match in the pure burst (SSP) models. Such a combination would easily explain why we do not see the sharp NIR features due to TP-AGB stars predicted by Ma05: not only part of the NIR emission is provided by the old and TP-AGB free stellar population, but also the young component is younger that the peak of the TP-AGB phase.
However, problems arise when optical-NIR colours are considered. The addition of an old component at solar metallicity to a young burst yields significantly redder optical-NIR colours with respect to a pure burst. As a consequence, BC03 models, which provided a decent match in the case of a pure SSP, are now shifted to inconsistently red colours with respect to the observations. In the case of Ma05 models, which already had troubles being too red in optical-NIR colours at almost any age, they become inconsistent with the observed colours of almost all galaxies. Mixtures with an intermediate mass ratio between the old population and the burst produce also intermediate results in terms of indices and colours between the pure burst models (Fig. 5) and the CSP-S ones presented in Fig. 7 . In fact, as shown in Fig.  8 , a more moderate ratio between "old" and "burst" stars of 2:1 yields a decent match between the BC03 models and the observations. As for the Ma05 models, however, the fact that already SSPs are too red in optical-NIR colours results in no combination of "old" vs "burst" stars being able to reproduce the observed colours.
We repeated the experiment with the 9:1 ratio, but changing the metallicity of the old component from Z = Z⊙ fixed to a variable metallicity that matches the one of the "young" component. We tag these models as CSP-Y, where "Y" indicates that the metallicity of the old component is the same as in the young component. The results are shown in Fig. 9 . BC03 models (Fig. 9 top) are able to cover most of the parameter space occupied by the data-points; however a significant number of galaxies are too blue in m0.55 −m1.40 with respect to models at given D4000n. Moreover, the metallicities implied by colours are systematically lower (and to large extent inconsistent) with those implied by the absorption indices alone. As one can argue in the light of the results of pure SSP and 2:1 ratio models, less extreme fractions of the old component can provide a much better match to the data. As for the Ma05 models, Fig. 9 bottom shows that not even with this kind of mix it is possible to match the distribution of m0.55 −m1.40 vs D4000n, the optical-NIR colours of the models being too red with respect to the data. We reiterate that any dust with the most commonly adopted attenuation curves would only worsen this disagreement.
In summary, adding a substantial fraction of old stellar populations to reduce the impact of TP-AGB stars predicted by Ma05 in the NIR may indeed explain the lack of observed NIR features, while remaining consistent with the observed optical spectral indices. However, such a combination fails to reproduce the observed optical-NIR colours at given HδA + HγA, D4000n and optical colours, no matter if the metallicity of the "old" component is the same as the one of the "young" component or is fixed at the solar value (as it is probably more realistic for an old stellar population in a system of a few times 10 10 M⊙). We cannot exclude that more complicated and ad hoc star formation histories and metallicity mixtures might be able to produce a closer match between observations and Ma05, but it appears unlikely that such a fine tuning actually applies to all 16 galaxies in the sample. On the other hand, BC03 models appear to reproduce the observations much more easily by assuming SSPs or CSPs with even massive "old" components of variable sub-solar metallicity; in order for models with an "old" component at solar metallicity to match the observations, "old" fractions less than 0.9 are required in most cases: it is sufficient to lower such fraction to 0.6-0.7 in order to obtain a generally good agreement.
We further illustrate these points by directly comparing SSP and CSP model spectra with an actual spectrum of our PSB sample in Fig. 10 , where PSB J1006+1308 is used as a mere example which optimally serves to this goal, as it is broadly representative of the full sample. For both BC03 (shown in the left-hand panel) and Ma05 (in the right-hand panel), we pick the best fitting models from each of the three grids of SSP, CSP-S and CSP-Y (assuming old:young=9:1). They are overplotted to the observed spectrum (solid black line), in blue for the SSP, in solid red for the CSP-S and dashed green for the CSP-Y. The "best fitting" models are those yielding the minimum χ 2 over the optimal set of optical absorption indices defined in Gallazzi et al. (2005) (D4000n, HδA + HγA, Hβ, [MgFe] ′ , [Mg2Fe]). Due to the coarse grid in metallicity, the use of fixed old fractions and the neglect of dust attenuation, we warn the reader not to over-interpret these fits in terms of derived physical parameters. Nonetheless, the following key observations can be derived from Fig. 10 . i) All best fit models can reproduce the observed optical features extremely well (see insets). The slope of the optical continuum is also generally well reproduced, although for BC03 the SSP fit is too blue in the optical range, which might be due either to a small mismatch in metallicity because of the coarse grid or to small amounts of dust, which are not included in our simple models. ii) The NIR spectrum of the best fitting Ma05 SSP, with an age of 0.6 Gyr and metallicity 2 times solar, has the typical NIR boosting due to the Ma05 implementation of the TP-AGB phase, clearly recognisable from the sharp features around 1.41 and 1.77 µm. However, no evidence of such features appears in the observed spectrum; moreover, the observed spectrum is almost a factor of two dimmer than the Ma05 SSP in the NIR. In contrast, the BC03 SSP provides a very good fit in the NIR both in terms of (lack of) features and of overall flux. iii) The use of CSPs with a substantial fraction (90%) of 10-Gyr old stars yields a relative enhancement in the NIR over optical for BC03 models, for both CSP-S and CSP-Y. The plot suggests that a smaller old fraction and lower metallicity than the best fitting pure SSP might provide a very close match to the NIR-to-optical ratio. CSPs for Ma05 (which by coincidence converge to the same solution for both CSP-S and CSP-Y, i.e. the solid red line and the dashed green one overlap) do actually yield much weaker NIR features and also lower NIR flux relative to optical. However, this stays significantly higher (≈ 50%) than observed. Figure 7 , but now using CSP-S with a ratio of masses as formed in the fixed "old" vs variable "young" components of 2:1. This figure shows that a substantial underlying old stellar population is compatible with most of the observations if BC03 models are used, but produces inconsistent colours if the Ma05 are adopted instead.
3.4 The anomalous galaxies PSB J1150−0107 and PSB J1206+0918
PSB J1150−0107 and PSB J1206+0918 are characterised by extremely blue optical-NIR colours (m0.55 − m1.40 0.2) and intermediate/red optical colours (m0.55 − m0.70 0.3). When plotted on the colour-colour diagrams of Fig. 5, 7, 8 and 9, they significantly depart from the sequences both of observed data-points and model tracks. None of them is able to reproduce such a combination of intermediate/red optical colours and very blue optical-NIR ones: for the given m0.55 − m1.40, an offset of −0.1 to −0.2 mag in m0.55 − m0.70 would be required to bring them back in agreement with the models, or, for the given m0.55 −m0.70, an offset of 0.3 mag in m0.55−m1.40. From the arrows plotted in the colour-colour diagrams, it is immediate to see that a standard effective attenuationà la Charlot & Fall (2000) is unable to move the models closer to these two objects: in fact, one would need an effective attenuation curve which is extremely flat, thus causing similar attenuation at 0.70 and 1.40 µm. With standard dust grains, for which the absorption cross section decreases with wavelength, this can be only obtained by invoking a peculiar geometry in which back scattering plays a major role.
Significant residual star formation is witnessed in PSB J1150−0107 by EW(Hα)= −2.43 ± 0.24 and a marginal detection at 22 µm in the WISE all-sky survey. PSB J1206+0918, however, does not display any sign of star formation, with EW(Hα)= −0.65 ± 0.26 and no detection at 22 µm. This suggests that residual star formation or processes related to nuclear activity are not the cause of the anomaly common to these two galaxies.
We note that the shape of the spectra of these two galaxies is peculiar in two main aspects: i) the continuum appears to bend down, i.e. the slope becomes steeper, going from ≈ 0.55 to 0.8 µm, whereas all other galaxies display an approximate constant slope or even an up-bending shape in this region; ii) a significant and featureless drop long-ward of ≈ 0.5 µm is observed instead of the Fe and Mg absorption complexes, which is probably due to the low metallicity of these two galaxies, among the lowest of the entire sample. These two features appear to be responsible for the anomalous colours, by making the spectral slope between 0.7 and 1.4 µm too steep relative to the one in the optical range 0.55-0.70 µm. The fact that models fail to reproduce these colours may point to problems in the low metallicity regime, below ≈ 0.5Z⊙.
We note that, according to the Ma05 models, the largest enhancement and the most dramatic features in the NIR are expected for Z Z⊙. Instead these two low-metallicity galaxies exhibit bluer optical-NIR colours than even "TP-AGB light" models (e.g., BC03). Kriek et al.(2010) As already mentioned in Sec. 1, Kriek et al. (2010) have obtained a detailed (rest-frame) UV-optical-NIR SED for a sample of 62 PSB galaxies observed in the NEWFIRM Medium Band Survey (NMBS) in the redshift range 0.7-2. Their composite SED is essentially a stack of the SED of their sample. They applied maximum likelihood fitting using both BC03 and Ma05 on different wavelength ranges (optical only or optical plus NIR) and, similarly to the results we have presented in this work, they found that Ma05 cannot reproduce the blue optical-NIR colours observed, whereas BC03 provide an almost perfect match.
Comparison with
In Fig. 11 we compare the SED published by Kriek et al. (2010) , represented by the red points with error bars, with the stack of our 16 spectra. Both SEDs are normalised at 5500Å. The black line is the median of our 16 spectra at each wavelength, while the shaded area displays the 16-84 inter-percentile range. The similarity of the stacked SEDs from the two works is striking, typically consistent within 1-1.5 σ. Our spectra are slightly bluer and steeper in the range 5000Å to 2 µm, which might derive from some relative bias in the respective sample selections., with our objects being somehow more extreme (e.g. in terms of burst fraction, see also Sec. 4). In fact, Kriek et al. (2010) define their sample based on k-corrected rest-frame colour cuts which are hardly comparable to our spectroscopic criteria. Alternatively, this comparison might indicate that NIR-bright evolved (TP-AGB) stars have a slightly larger influence on the SED of PSB galaxies at z 0.7 than at z ≈ 0.2, consistently with expectations, e.g., of Melbourne et al. (2012) . Apart from this minor colour difference, our detailed spectroscopic study of individual PSB galaxies confirms and reinforces the previous results by Kriek et al. (2010) , based on stacking and medium band photometry and at a very different age of the Universe. , 7 and 9 as those that best fit the set of five optical stellar absorption features sensitive to age and metallicity defined in Gallazzi et al. (2005) . All models can reproduce the spectral absorption features remarkably well (see insets) and agree on the presence of a young component approximately at the peak of the TP-AGB contribution. However their extrapolations to the NIR regime differ significantly. Most notably, while the inclusion of a substantial contribution from an old component can help reduce the strong NIR features predicted by Ma05 models, the NIR-to-optical ratio predicted by these models remains nevertheless too high.
SUMMARY AND CONCLUDING REMARKS
We have presented the first spectroscopic study of poststarburst galaxies covering both the optical (SDSS) and NIR (our new VLT-ISAAC observations) wavelength ranges, which was specifically designed to detect the two main signatures of the presence of TP-AGB stars predicted by the Maraston (2005) models in contrast to "TP-AGB light" models (such as BC03): i) the strong NIR absorption features caused by carbon composite molecular band-heads; and ii) the boosting of the NIR flux. To this goal, we have carefully selected a sample of 16 galaxies with post-burst ages corresponding to the peak contribution by TP-AGB stars to the NIR flux (0.5-1.5 Gyr), in a broad range of stellar metallicities (≈ 0.2-2.5 Z⊙). These galaxies are at high enough redshift (0.15-0.25) to allow clean measurements of the NIR features at rest wavelengths 1.41 and 1.77 µm through the atmospheric H and K windows. Despite these ideal conditions for the detection of the characteristic signatures of TP-AGB stars predicted by the Ma05 models, the 16 galaxies in our sample all display smooth, featureless NIR spectra and blue optical-NIR colours. Interestingly, these observed spectral properties are generally well reproduced using the BC03 models assuming simple (i.e. single-age) stellar populations.
We have investigated whether the observations could be reproduced with Ma05 models as well, by combining stellar populations of different ages. We find that diluting the light of a young (i.e. a few 100 Myr old) starburst with that of a massive old component allows the Ma05 models to reproduce the typical "E+A" optical spectra of post-starburst galaxies characterised by strong Balmer absorption lines and a Figure 11 . Comparison between the stacked SED from our spectra and from the post-starburst sample from the NMBS of Kriek et al.(2010) , shown as red points with error bars. The black line is the median spectrum of our 16 galaxies, whose spectra had been previously normalised at 5500Å. The shaded area shows the 16-84 percentile range of the data. The two samples yield consistent results (although our sample appears marginally biased towards bluer SEDs relative to Kriek et al. 2010 ) and, most importantly, agree on the fact that there is no need for boosted NIR emission by TP-AGB as implied by Ma05.
well developed D4000 break. At the same time, such models exhibit very weak NIR features, in agreement with the observations, because TP-AGB stars from the young component have not developed yet, while the NIR emission from old stellar populations is smoother. However, these models still cannot account for the data, because the predicted ratio of NIR to optical flux is significantly larger than observed at the metallicity of our galaxies. Hence, the observed lack of deep NIR absorption features and the modest ratio of NIR to optical flux in our data cannot be simultaneously accounted for by a simple "light dilution" effect. We note that the observation of metal absorption lines at optical wavelength does not support the idea that the faint NIR continuum (and the consequent dilution and/or absence of strong NIR absorption features) could arise from extremely low metallicities.
The Ma05 models predict too red optical-NIR colours for any choice of ratio between the old and the young component. On the contrary, models based on BC03 fail for "old" mass fractions as high as 90%, but produce colours that are consistent with (most of) the observations for "old" mass fractions up to 60-70%, which leaves enough space to accommodate more reasonable SFHs than a (possibly unrealistic) single burst. We note that the work of Pracy et al. (2012) indicates old fractions close to 90% for their seven PSB galaxies, which would be inconsistent with our SEDs. However, this estimate might be biased by their assumption of fixed solar metallicity. Moreover, and probably more importantly, it is possible that our objects are somehow more extreme in terms of burst fraction, because, due to our redshift constraints, we select objects close to the faintest limit of the spectroscopic sample of the SDSS. In this way we would select the intrinsically most luminous PSB galaxies at z ≈ 0.2, hence those with the largest burst fraction (i.e. with the lowest "old" fraction): in fact, for a given total mass, a higher burst fraction yields higher luminosity. The lack of strong colour gradients in most of our PSB galaxies lends support to this hypothesis, suggesting that the starburst substantially affected the full extent of the galaxy, rather than the centre only. Finally, Pracy et al. (2012) point out that their sample is less extreme than typical samples of PSB galaxies in the literature due to the small physical size of the spectroscopic fiber (few hundred parsecs), which bias their selection towards central rather than extended starbursts. In conclusion, the consistency of our SEDs with BC03-based CSPs and "old" mass fractions up to 60-70% does not raise any problem for the physical interpretation of our PSB galaxies using the BC03 models.
We also find that attenuation by interstellar dust, using standard prescriptions, can only worsen the disagreement (when present) between spectral evolution models and the observed optical-NIR colours of post-starburst galaxies in our sample. This is particularly true for the Ma05 models, which predict systematically redder colours than observed. We note that heavier-than-implemented attenuation by circumstellar dust of the most luminous C stars about to eject their envelopes could potentially reduce the contribution by these stars to the integrated spectrum and perhaps improve the agreement of the Ma05 models with observations. 14 A more accurate theoretical and empirical assessment of the effects of circumstellar dust absorption is definitely key to make progress in the SED modelling of the stellar population affected by TP-AGB stars (e.g. Srinivasan et al. 2009; Melbourne et al. 2012; Meidt et al. 2012) .
The results presented in this work confirm the previous claim by Kriek et al. (2010) that BC03, and more generally "TP-AGB light" models, provide a better agreement with the spectral properties of galaxies hosting a stellar population at the peak of the TP-AGB phase than Ma05 models. The important novelty of our work is to base these conclusions on a higher-resolution, high-quality spectrophotometric dataset and an optimal spectroscopic sample selection.
Somehow in contrast with these studies and our work in particular, Lyubenova et al. (2012) have detected the 1.77 µm feature in a couple of Magellanic Cloud's globular clusters and found them in agreement with Ma05 predictions. This result calls for more observations in order to obtain a representative sample of globular clusters over a broader range of metallicities (the two in which the detection was obtained are both at metallicity between 0.2 and 0.6 solar) and beat down stochasticity effects: in fact, a single (TP-)AGB star can produce a substantial fraction of the total cluster NIR luminosity in the mass range explored.
14 The Ma05 models rely on period-averaged spectra of TP-AGB stars assembled by Lançon & Mouhcine (2002) , who recommend reddening these spectra before use in population synthesis models (see their section 3.3). Whether this or a different attenuation has been included cannot be asserted from the description of the TP-AGB spectra in section 3.3.2 of Ma05. In the BC03 models, the circumstellar attenuation of TP-AGB stars experiencing superwinds is accounted for in an empirical way (see section 2.2.4 of BC03 for detail).
One further possibility to reduce the apparent disagreement between the Lyubenova et al. (2012) results and ours might reside in a technical aspect of their challenging observations: the addition of targeted AGB stars outside of the central region to integrate the central spectrum and obtain full spatial coverage of the globular clusters might lead to AGB stars being over-represented with respect to the stars that contribute the bulk of the diffuse emission.
In the light of this complex and partly controversial observational framework, the apparent agreement of the BC03 models (of either simple or composite stellar populations) with the observations presented in this paper should not be necessarily interpreted as an indication that the description of the TP-AGB phase in these models is adequate. New models incorporating more recent developments in the theory and observation of TP-AGB stars (e.g. Marigo et al. 2008; Srinivasan et al. 2009; Girardi et al. 2010; Melbourne et al. 2012 ) are being assembled (Charlot & Bruzual, in preparation) . By providing a better account of observations, new models of this type will allow deeper insight into the physical properties of galaxies from spectral interpretations, especially at high redshift, where a large number of galaxies is going through the evolutionary phase affected by TP-AGB stars. In this perspective, the present work provides key and very stringent constraints for the new generation of stellar population synthesis models.
